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The Cordell and Engadine Formations at Seul Choix Point, Upper Michigan:
Implications for Silurian (Llandovery-Wenlock) environments
INTRODUCTION
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Reconstructing earth history is important
for both intellectual and pragmatic reasons.
The concept of actualism states that natural
laws that operate in the universe, have
always operated and apply everywhere.
Therefore, studying the past gives us insight
into why Earth exists in its current state
and what it could be like in the future.
Reconstructing past ocean environments is
critical to the discovery of oil and natural
gas because knowing the depositional
environment of rocks can lead us to predict
if the formation may be a valuable oil
reservoir. In particular, Silurian rocks are
highly prized in the oil and natural gas
industry, hosting nearly a tenth of known
reserves (Klemme and Ulmishek, 1991).
Rocks and sediments are the physical
evidence we have to reconstruct earth’s
past, and spectacular examples are the
Silurian rocks at Seul Choix Point
(pronounced Sish-swa by locals), Upper
Michigan (Figure 1). Rocks crop out
along the shore as exposed bedding plane
surfaces and extend offshore into Lake
Michigan. Due to wave erosion, the rocks
are swept of most sediments allowing for
an unobstructed view of bedding plane
surfaces. The horizontal bedding surfaces
allow for a unique way to study these rocks,
as one can view in situ fossils and their
spatial relationships in map view. Walking
on top of the bedding surfaces allows us to
view these fossils as if walking across the
epicontinental sea floor present during the
Silurian.
Previous studies of the Cordell and
Engadine Formations include numerous
localities throughout Upper Michigan and
eastern Wisconsin and provide detailed
stratigraphic descriptions of unit lithology
and fossil fauna (Ehlers and Kesling, 1957;
Ehlers, 1973; Johnson, Kesling, Lilienthal,
and Sorensen, 1979; McLaughlin, Mikulic,
Kluessendorf, 2013). Existing studies of
rocks at Seul Choix Point provide a general
description of the rocks and fossils, as
well as a classification of a diverse marine
invertebrate fauna (Ehlers and Kesling,
1957; Ehlers, 1973).
This study is a sedimentologic and
paleoenvironmental analysis of the Cordell
and Engadine Formations exposed at Seul
Choix Point, Michigan. This study includes

rock and thin section analysis, taxonomic
faunal classification, a faunal abundance
survey, faunal relationship mapping,
isotopic age analyses, and measurement
of cephalopod orientations. These data
are then used to reconstruct Silurian
paleoenvironments and test existing
hypotheses of ocean currents and sea level
present at deposition. Finally, we use the
isotopic analyses to correlate the rocks with
better dated rocks in eastern Wisconsin.
Geologic Setting
Seul Choix Point is a small peninsula
on the northern shore of Lake Michigan
located in Schoolcraft County, Michigan
(Figure 2). The point is composed of
Silurian carbonates of both the Cordell and
Engadine Formations (Figure 3). Rocks at
Seul Choix point are gently folded into an
asymmetrical anticlinal structure. Rocks
on the southwestern and southeastern
shores of the point dip at angles between 2
and 8 degrees to the southwest, south, and
southeast. Beds on the northeastern shore
of the point are nearly horizontal or slightly
dipping to the east and northeast.
The Cordell Formation is Llandovery
to early Wenlock in age; the Engadine
Formation is probably Wenlock in age and
the numerical ages of these formations in
eastern Wisconsin have been estimated to
be ~434 to 428 Ma and ~428 to 421 Ma,
respectively (McLaughlin et al., 2013).
This is based on correlation of oxygen and
carbon isotope data from a global type
section developed in the Baltic Sea region
(Salt and Thomas, 2012). In Michigan
the Cordell Formation is primarily a
thinly bedded dolomite and is grouped
together with the Schoolcraft Formation
into the Manistique Group (Ehlers and
Kesling, 1957; Catacosinos, Harrison,
Reynolds, Westjohn, and Wollensack,
2000; 2001). The formation extends
from Michigan’s Upper Peninsula down
through eastern Wisconsin and has been
described in northeastern Illinois (Ehlers,
1973; Luczaj, 2013; McLaughlin et al.,
2013). The Engadine Formation is also
primarily a massively-bedded dolomite
and extends to Wisconsin and Illinois and
also through southern Ontario, western
New York, and to northern Ohio (Ehlers,
1973; Johnson, 1980). Correlative strata of
both formations are present as far away as
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eastern Iowa and New York at Niagara Falls
(Figure 2).
Lithology & Paleontology
The Cordell Formation consists of both
thick (>10 cm) and thin (<10 cm) wavy
bedded dolostone. Some of the beds are
rich in chert lenses and nodules and marine
fauna including corals, stromatoporids and
cephalopods. The Cordell Formation varies
from 41 to 46 meters thick (Ehlers, 1973).
The dolostone contains numerous silicified
and un-silicified fossils and abundant lenses
and nodules of chert. Corals are the most
abundant fossils found within the Cordell
Formation (Ehlers, 1973; Johnson et al.,
1979; Luczaj, 2013).
Overlying the Cordell Formation is the
younger Engadine Formation, which
consists of massively bedded dolostone that
ranges from 61 to 76 meters thick. The
Engadine Formation contains few body
fossils, but brachiopods and corals may be
found in some beds. Clastic materials such
as quartz and almandine grains are present
in some beds (Ehlers, 1973).
The contact of the Cordell and Engadine
Formation is commonly marked by
mudcracks and hardgrounds, and carbon
isotope analysis shows a significant increase
in δ13C values. Both observations suggest
that a disconformity is present between
the Cordell and Engadine formations
(McLaughlin et al, 2013; Johnson and
Campbell, 1980). A previous study
suggests the nature of this contact indicates
a sea level fall (Johnson and Campbell,
1980). Underlying the Cordell is the older
Schoolcraft Formation. Interpretations of
faunal communities in both formations
suggest an overall sea level rise moving
from the Schoolcraft to Cordell Formations
(Johnson and Campbell, 1980). The basal
contact of the Cordell is recognized by the
appearance of chert nodules (Ehlers, 1973).
The Cordell Formation is noted for its
abundance of open marine fossils, most
prominently corals. Over a dozen coral
genera have been documented, most
prominently Halysites and Favosites.
Brachiopods such as Pentamerus and
Pentameroides are present, as well as
cephalopods Armenoceras and Huronia
(Ehlers, 1973; Johnson, 1979; Johnson,
1980; Johnson and Campbell, 1980).
Biostratigraphy has limited utility in
determining the age of the Manistique
Group because most fossils have undergone
dolomitization and are replaced by coarsegrained dolomite making them difficult to
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identify beyond the genus (Luczaj, 2013).
The marine fossils are also common genera
in the Lower Paleozoic and are therefore
not diagnostic of precise ages. Graptolites
have been employed to define ages in
Silurian rocks; however, this has not been
done in Michigan (Melchin, Sadler, and
Cramer, 2012). Because biostratigraphy
is not easily used, recent studies have been
conducted using stable carbon isotope
chemostratigraphy for dating Silurian
rocks (Salt and Thomas, 2012). These
studies have refined age uncertainties from
±2 Ma to be accurate within ±0.01 Ma.
McLaughlin et al. (2013) used carbon
isotope analyses applied to drill cores from
Sheboygan, Wisconsin to develop a carbon
isotope curve. They compared this curve
to a standard global isotope curve (Cramer
et al., 2011). From their correlations they
developed more precise age estimates for
Silurian rocks in eastern Wisconsin.

were analyzed in two different bedding
plane surfaces of the Cordell Formation.
Transect lines ranged from 20 m to 43 m in
length. Specimens were recorded until 100
specimens were counted in each bed.

METHODS

A cobalt-tungsten-corundum drill bit was
used to powder a small subsample of each
thin section blank or outcrop sample,
producing about 10 to 20 mg of powdered
sample for stable isotope analysis. We
sampled areas of fine micrite from
outcrops, hand samples, and thin section
blanks. Samples were analyzed at the Iowa
State Stable Isotope Laboratory. Samples
were analyzed using acid digestion in a
GasBench and then delivered to a Finnigan
MAT Delta Plus XL mass spectrometer
where δ18O and δ13C (in parts per ml)
were determined and compared to the
Vienna Pee Dee Belemnite (VPDB)
standard. A total of 18 samples were
analyzed for the Cordell Formation and 9
samples for the Engadine Formation.

Mapping and Rock Classification
A satellite image from Google Earth
and field surveys were used to map the
distribution of Cordell and Engadine
Formations of the Seul Choix Point area.
Contacts of the formations and points
where data were collected were located
with a hand-held global position system
receiver and plotted as points in Google
Earth software. Orientated rock samples,
as well as non-oriented hand samples from
the Cordell and Engadine Formations
were collected to create thin sections.
The thin sections and sample slabs were
examined with a petrographic microscope
and binocular microscope for general
observations including fossils, mineralogy,
texture, and sedimentary structures. More
detailed examination of samples including
sketches, photographs and observations of
rock color, induration, internal sedimentary
structures, sorting, and grain size were also
indicated. We used a textural scheme to
classify hand samples (Dunham, 1962).
Fossil Occurrence Surveys
A stretch-line technique was used to
carry out transect sampling to estimate
faunal occurrences (Johnson, 1980). In
this method, a nylon tape measure was
stretched across the bedding plane surface,
and every fossil occurring within a 20
cm wide strip, centered along the line,
was recorded. We noted genus, species
if applicable, specimen size, distance
along the line, and whether it was in situ
or a transported fragment. Two lines

The Cordell Formation is cut by numerous
nearly vertical joints; this divides the
bedding plane surfaces into areas ranging
from a few to tens of square meters. We
selected one of these blocks near transect 1
to create a map of in situ fossil distribution.
We laid out a one-by-one square meter
grid and each square was examined, and
fossil occurrences were mapped onto a
scaled grid sheet. The total percentages of
faunal occurrences were tabulated, and
percentages were calculated as in stretch
lines 1 and 2.
Carbon Isotope Analysis

Cephalopod Orientation Measurements
Straight-shelled cephalopods are
common in the Cordell Formation at
Seul Choix Point (Ehlers, 1973). We
measured the long axis orientation of
cephalopods in various beds of the Cordell
Formation in order to determine if they
provide information for reconstructing
paleocurrents. The most common
cephalopod is Huronia and specimens
varied in size from 20 to 55 cm. We
located specimens with a hand-held GPS
receiver (about 3 m positional accuracy
for most specimens) and recorded the
orientation in azimuth degrees, and length
of in situ cephalopod occurrences in
centimeters. These data were plotted on
a rose diagram and analyzed for modes of
orientation.

RESULTS
Geology and Structure
A majority of the bedrock exposed at Seul
Choix Point is of the Cordell Formation
except for extensive outcrops of the
Engadine Formation on the southwestern
shore of the point. The shoreline extending
along the northeast and down around
to the southwestern point consists of
exposed Cordell bedding plane surfaces
and small outcrops (less than 1 meter in
height). On the eastern shoreline of the
point, extending both north and farther
east into Lake Michigan, bedding planes
and outcrops of the Engadine are present.
The Cordell is a thin bedded, dark gray
to brown dolostone that contains a very
diverse fauna. Stromatolites and corals
are the most common, with brachiopods,
gastropods, and cephalopods occurring as
well.
The Engadine Formation crops out as small
escarpments less than 2 m in thickness
that crop out on the southwestern side of
the point. Extensive dip slope surfaces are
exposed southwest of each escarpment.
The Engadine is a commonly massive light
grey dolostone. Large in situ stromatolite
or stromatoporid structures (~30 to 100
cm in diameter) are exposed on top of
bedding plane surfaces. Poor preservation
in rock textures due to recrystallization
in the coarse-grained dolomite makes
it impossible to determine if these are
stromatolites or stromatoporids. Various
large boulders of Engadine are also
found all over the point and vary in size
from half a meter to two meters in their
longest axes. The massive boulders and the
outcrops contain fine sub-millimeter scale
laminations that could be formed by either
stromatolites or stromatoporids.
Rocks at Seul Choix Point are folded in a
broad asymmetrical anticlinal structure.
The rocks dip to the southwest and
southeast by as much as 8 degrees into Lake
Michigan (Figure 5). Several joint sets are
developed in the Cordell and Engadine
Formations. In the Engadine, three main
joint directions are found with azimuths of
approximately 342, 330, and 73 degrees.
Three joint directions are found in the
Cordell with azimuths of about 11, 23, and
335 degrees.
Carbonate Classification
Rock textures in the Cordell Formation
vary from mostly mud-supported
wackestone to grain-supported packstone

(Figure 6). The stratigraphically lowest
sample is a mudstone. All samples exhibit
sub-millimeter scale laminations. A
majority of the allochems (grains) are
skeletal particles, being fossil fragments of
brachiopods, coral, and other unidentified
fragments, as well as some chert lenses
and nodules ranging from 5 to 20 mm in
cross section (Figure 7). Dolostones of the
Engadine Formation are white to light gray
in color and coarsely recrystallized (>0.25
mm). All of these samples we classified as
mudstones in hand sample, while coarse
grain size is apparent in thin-section as this
is the result of recrystallization. Allochems
are not present within the rocks. The
samples do contain small scale laminations
but are distinctly without body fossils.
Fossil Occurrences
In contrast to the unfossiliferous Engadine
Formation, the Cordell Formation is rich
in fossils. Several genera of corals are very
common and are found at all levels in the
Cordell Formation at Seul Choix Point
(Figure 8). Corals exist as mounds ranging
from ~15 cm to more than a meter in
diameter and having vertical relief of up
to 20 cm. More commonly, the corals are
found in smaller mounds less than 15 cm
in diameter with less than 10 cm in relief.
Mounds that we classified as stromatolites/
stromatoporids are common throughout
the Cordell Formation (Figure 9). Because
of recrystallization due to dolomitization,
it is difficult most of the time to
determine if the mounds are stromatolites
or stromatoporids. One specimen
was identified as the stromatoporid
Clathrodictyon after examination in the
lab of polished slabs and compared to
type specimens. Brachiopod fragments
and whole specimens are very abundant
through the Cordell Formation and often
occur in large numbers with both complete
and broken shells. Cephalopods are also
common, specifically Huronia, Huroniella,
and Armenoceras. Small fragments of
crinoid columnals and bryozoan are present
but are too fragmented to be identified by
genus (Table 1).
Brachiopods, cephalopods, and crinoid
and bryozoan fragments are not included
in our fossil occurrence estimates, because
it cannot be determined if specimens were
in situ or carried into the depositional
environment. In both transects of Cordell
bedding surfaces, corals are found to
be more common than stromatolite or
stromatoporid mounds (Table 2). Favosites
is the most common genera, constituting

about 30% of the total population.
Halysites is common as well, with colonies
tending to be smaller in size on average
than other coral genera colonies. In the
mapped area, corals are also more abundant
than stromatolite or stromatoporid mounds
constituting about 75% of the population.
On average, three specimens of either corals
or stromatolite-stromatoporid mounds are
found every square meter (Figure 10).
Stable Isotope Analyses
Samples 1 through 16 correlate with
the Cordell outcrop detailed in the
stratigraphic column (Figure 6). Samples
C1 through C3 are taken of the Cordell
at a Cordell and Engadine contact, and
samples E1 through E6 are taken from
Engadine at the same contact. Samples TE1
though TE3 are from the basal portion
of the Engadine and lie just above the
Cordell Formation (Table 3). δ13C values
vary from 0.46 to 0.94‰ for samples 1
through 16 and increase in samples C1
though C3, to vary from 1.57 to 1.85‰.
Sample E1 though E6 increase to vary from
2.40 to 2.85‰, samples TE1 through
TE3 do not vary from here, ranging from
2.69 to 2.79‰. Overall two main positive
excursions are noted: from sample 16 to C1
and C3 to E (Figure 11).
Cephalopod Orientations
Orientation data were collected of
cephalopods in the Cordell and compared
with previous studies to examine potential
paleocurrent insight. The rose diagram
shows three dominant modes with
azimuths of 25, 65, and 165 degrees
(Figure 12).
DISCUSSION
Sedimentary Facies
A rock that is generally mud supported is a
wackestone and indicates an environment
in which mud is not transported out of the
environment. A packstone suggests that
some winnowing has occurred to remove
some mud from the environment. This
indicates a higher level of energy than a
wackestone (Dunham, 1962; Folk, 1962).
With the presence of both packstone and
wackestone, it can be inferred that the
marine environment at times had a high
enough energy to transport some mud out
of the depositional environment, but the
energy was not high enough to eliminate
mud completely from the environment,
as in a high energy reef environment.
For example, a study of the Maple Block
knoll reef displays facies with generally
53
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fine-grained dolostones and this suggests
a low energy environment below wave
energy (Johnson et al. 1979). It can
be inferred that the presence of fine to
medium grained dolostone, as present
in the Cordell Formation, indicates an
environment of low to medium energy
levels. The presence of a majority of
packstones and wackestones in the Cordell
Formation at Seul Choix Point indicates
a low to moderate energy environment.
The dolostone of the Engadine Formation
were probably mudstones before being
recrystallized during the dolomitization
process. These fine-grained rocks are
indicative of low energy environments.
Faunal Assemblages
Results from faunal occurrence calculations
of the Cordell show that corals occur more
often than stromatolites or stromatoporids.
Corals constitute 70 to 75% of the
population. In a study conducted by
Johnson and Campbell (1980), a similar
stretch-line technique was used to calculate
faunal occurrences of a Cordell bed in
outcrops on Drummond Island. Here they
found that stromatolite to stromatoporids
were more common, constituting about
64% of the population. They interpreted
this as a coral-algal community.
In a study by Johnson et al. (1979) they
document faunal occurrence data that
indicate stromatolites-stromatoporids
ranging from 13 to 78% of the fauna they
examined in similar rocks to those as Seul
Choix Point. Johnson and Campbell
(1980) calculated faunal occurrences in
another Cordell bed, below the coral-algal
bed. Here they indicate that pentamerids
made up nearly 90% of the population,
and they indicated this as a Pentamerid
community (Johnson and Campbell, 1980).
They interpret that these pentamerid
communities indicate a deeper water
depth, at or below the effective wave base,
while the coral-algal communities indicate
a more shallow water depth, at or above
the effective wave base. The Cordell beds
at Seul Choix Point do include many
brachiopod specimens with a few thin beds
consisting of large assemblages. However,
we did not determine if these brachiopods
were pentamerids, pentameroides or other
brachiopods. While some shells are intact,
most are shattered and fragmented making
it difficult to classify the brachiopods.
Because of the presence of stromatolites
and therefore the need of a more
shallow water depth during deposition,
it is impossible to determine if these
54
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brachiopods were in situ and not washed
into the environment. Because of the
fragmented nature of the brachiopods and
their seemingly out of place nature, it may
be concluded that these brachiopods were
washed in. We interpret that while some of
these specimens are in situ in few beds not
a part of our transect surveys or bedding
plane map, most are not and therefore we
did not include them in calculations.
Another possible explanation for the
presence of brachiopods may be the rise
and fall of sea level. In shallow waters,
coral and algal mounds are present. As
the sea levels began to rise, pentamerid
communities became present in the same
area. This does not seem likely, as over
the course of time, the coral and algal
communities would likely have begun to
grow more upward as sea level increased
before the presence of pentamerids.
However, the corals and stromatolites
found in the Cordell at Seul Choix Point
have a flat, disc-shaped morphology,
indicative of more shallow sea levels
(Johnson, 1980).
A sea level curve for the Silurian was
developed by Johnson and Campbell
(1980) based on faunal communities
found in Silurian beds. Johnson and
Campbell indicate that the beginning
for the Cordell contains a “Lower CoralAlgal” community, which shifts to a
Pentameroides community, then back to
an “Upper Coral-Algal” community. They
infer that this shift between communities
indicates a shift in water depth. They
interpret first a transgression followed by a
regression. When comparing Cordell beds
at Seul Choix Point, and the Cordell beds
studied by Johnson and Campbell (1980),
it can be inferred that the Seul Choix Point
beds most likely occur during a time of
overall regression. While brachiopods are
found, coral-algal mounds are very much
present. It can be inferred that sea level
then continues to drop to the Cordell and
Engadine contact where mudcracks are
present.
Silurian Paleoenvironments
During the Middle Silurian, the
Michigan Basin was covered by a shallow
epicontinental sea, ranging from 50 to
120 m deep (Droste, 1987). The basin is
thought to be located south of the equator
(Droste, 1987) and more specifically 10 to
15 degree south (Trout, 2012). Platforms
are thought to be generally shallower,
around 35 m, and become even shallower
near land (Droste, 1987).

Due to the presence of packstone and
wackestone in the Cordell Dolomite,
it can be inferred that the depositional
environment probably had low to
relatively medium energy, except under
circumstances like during a large tropical
storm. This energy level is consistent with
the somewhat agitated water present above
the effective wave base. In such conditions,
it follows that corals and algal mats would
grow in an outward fashion, as opposed
to upward. Growing in a flat outward
fashion allows coral to reserve energy
and not have to combat agitated waters
(Johnson et al., 1979). This is consistent
with the disc-shaped domed corals and
stromatolites present in the Cordell
Formation. In a previous study, Johnson
(1979) indicates that coral-stromatoporid
community exists at depths ranging from
10 to 30 m, and a stromatolite community
exists at a depth of 0 to 10 m. While it
was hard to determine stromatolites from
stromatoporids, due to the lack of ideal
preservation, at least one stromatoporid
was clearly identified, leading us to infer
that likely more are present. Johnson
(1979) recognized three cyclic patterns
of biostromes in the early Silurian, one
being a pentamerid brachiopod/coralstromatoporid-stromatolite cycle. It can be
suggested that this cycle was present at Seul
Choix Point. A strong coral-stromatoporid/
stromatolite community is present within
the Cordell that noticeably shifts at the
Engadine contact to a strictly stromatolite
community. This cyclic pattern is believed
to have varied between 0 to 60 m deep.
It is important to once again mention
uncertainties in these interpretations. Due
to the recrystallization of rocks and fossils
due to dolomitization, misinterpretations
in lithology can occur, as well as difficulties
in determining fauna.
Silurian Paleocurrents
During the Silurian the Michigan
Basin was located south of the equator
between 20 and 30 south latitude and
rotated ~45 degrees clockwise from its
current orientation (see Figure 5 of Trout
2012). Given current orientation of the
cephalopods measured it seems that shells
were orientated with the length of the shell
perpendicular to ocean currents caused by
the Silurian winds. Trout (2012) suggests
that Trade Winds probably influenced
surface ocean currents of the epicontinental
seas in the Michigan Basin. Given the
Trade Wind directions, and the current
orientation of cephalopod shells, we
interpret that the shells were orientated

with the length of the shell perpendicular
to the Trade Winds.
Because we interpreted that these
cephalopods lived in a low to moderate
energy environment, cephalopods must
have become oriented during extreme
events. One possible explanation may be
that these cephalopods became oriented
during an event of high energy, such as a
tropical storm. Certainly winds during a
tropical storm would cause enough energy
to move the shells and potentially orient
them. Alternatively, the environment may
have experienced higher energy levels than
we have interpreted, which would have
allowed for the orientation of these shells
under normal wave conditions.
Isotopic Ages
The sections we sampled of the Cordell
and Engadine was correlated with
McLaughlin et al.’s (2012) Silurian carbon
isotope curve. Since our isotope curve
is at the boundary between the Cordell
and Engadine Formations, and covers a
section of only ~2 meters in thickness,
we interpret that the rocks as Seul Choix
Points were deposited at about 428.2 Ma.
This is the boundary between Llandovery
and Wenlock Epochs determined in the
global type curve (Cramer et al., 2011;
McLaughlin et al., 2012). The Cordell
Formation is slightly older in age than
this boundary age (428.2 Ma) and the
Engadine is slightly younger than this age.

some other beds with mudcracks may have
formed at more shallow depths or even in
exposed mudflats. Oriented cephalopod
shells serve as current indicators that we
inferred are orientated perpendicular to
Trade Winds probably during individual
storm events.
4. The rocks at Seul Choix Point are late
Llandovery to early Wenlock age based on
correlation to a global carbon isotope curve.
The most precise age we can assign to the
Cordell and Engadine Formations at this site
is about 428.2 Ma (i.e., late Llandovery to
early Wenlock).
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CONCLUSIONS
1. The Cordell Formation at Seul Choix
Point, Michigan consists of fossiliferous
mudstone, packstones, and wackestones.
The Engadine Formation consists of
coarsely recrystallized mudstones.
2. The Cordell Formation contains many
genera of corals, as well as stromatoporids,
cephalopods, brachiopods and other
marine fauna. Stromatolites are probably
present, but poor preservation makes this
difficult to demonstrate. Corals constitute
about 70 to 75% of the community. The
most common coral genera are Favosites
and Halysites, and Arachnophyllum. The
Engadine formation contains bioherms that
are either stromatolites or stromatoporids.
3. The depositional environment of the
Cordell Formation had a low to medium
energy level and occurred most likely
within 30 to 60 m deep water at or above
the effective wave base. Some individual
beds with unfragmented brachiopods may
have been deposited in deeper water and
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Figure 1. A site map of Michigan. The star indicates where Seul
Choix Point is located.
Figure 2. Map of Michigan Basin. Seul Choix Point, Michigan is
indicated by the yellow box. pC – Precambrian, C – Cambrian, O
– Ordovidcian, S – Silurian, D – Devonian, M – Mississippian, Pn
– Pennsylvanian, J – Jurassic. Map modified from Luzjac (2013).
Figure 3. (A) Cordell Formation exposed at Seul Choix Point,
Michigan with Seul Choix lighthouse in the background. Most of
the point is exposed rock with large areas exposing bedding planes.
(B) Outcrop of Engadine Dolomite exposed on the south side of
Seul Choix Point.
Figure 4. Stratigraphic nomenclature of Silurian rocks. Cordell and
Engadine Formations are highlighted.
Figure 5. Simple geologic map of Seul Choix Point, MI. Yellow
lines indicates bed of Cordell (SC) and Engadine (SE). Circles
indicate orientated cephalopod occurrences. Square indicates 2-D
mapping area. Star indicates Cordell outcrop where samples to
create stratigraphic column were collected. Strike and dip locations
are also indicated.
Figure 6. Details stratigraphy of outcrop of Cordell Formation.
Y-axis indicates height, beginning with the bottom of the outcrop
(0 cm) to the top. X-axis indicates rock classification based on
Dunham’s classification.
Figure 7. (A) Cordell Formation sample. Fine grained dolostone,
with coarse grained replacements as well as chert replacement. (B)
Cordell Formation sample. Fine grained dolostone with small scale
laminations. (C) Engadine Formation. (D) Engadine Formation.
Figure 8. (A) Archanophyllum sp. in situ from Cordell Formation.
(B) Catenipora sp. in situ from Cordell Formation. (C) Cladopora
sp. in situ from Cordell Formation. (D) Favosites sp. in situ from
Cordell Formation. ~116 cm across.
Figure 9. (A) Huronia sp. from Cordell Formation. (B) Bryozoan
from Cordell Formation. (C) Stromatolite in situ from Cordell
Formation. 66cm across.
Figure 10. 2-D map of Cordell bed indicating fossil occurrences.
F – Favosites, H – Halysites, A – Arachnophyllum, Co – Coenites,
Sp – Syringopora, L – Lyellia, R – solitary rugose coral, Sm –
stromatolite-stromatoporid, B – brachiopod, Cph – cephalopod, C
– covered, ? – unidentified mound.

Table 1 – Full Faunal List
Phylum
Class
Genus
Thallophyta/Sclerospongia
Stromatolites/Stromatoporids
Coelenterata
Anthozoa
Arachnophyllum sp.
Cladopora sp.
Catenipora sp.
Coenites sp.
Favosites sp.
Halysites sp.
Lyellia sp.
Syringopora sp.
rugose coral
Brachiopoda
Articulata
Pentamerus sp.
Mollusca
Gastropoda
Liospira
sp.
Cephalopoda
Huronia
sp.

Figure 11. Curve showing del C13 data of Cordell and Engadine
samples.
Figure 12. Rose diagram of cephalopod orientations. Length of bar
indicates orientation frequency.
Table 1. Full list of fauna noted throughout Seul Choix Point.
Table 2. Transect data from level 1a. Transect data from level 1b
and abundance data from 2-D mapping plane show similar results.
Table 3. Samples 1-16 are taken from Cordell outcrop detailed
in stratigraphic section (Figure 6). C1-C3 taken from Cordell
and Engadine contact point. E1-E6 taken from Engadine at same
contact point. TE1-TE3 from top section of Engadine.
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Table 3 - Stable Isotope

Table 2 - Transect Lines Level 1a
Phyllum
Class
Genus
Thallophyta/Sclerospongia
Stromatolites/Stromatoporids
Coelenterata
Anthozoa
Arachnophyllum
sp.
Coenites sp.
Favosites sp.
Halysites sp.
Lyellia sp.
rugose coral
Total:
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Number
of
Specimens

%
Total
Fauna

27

27

6
4
31
18
2
12
100

6
4
31
18
2
12
100

Sample
1
2
3
4
6
7
8
9
10
11
12
13
14
15
16
C1
C2
C3
E1
E2
E3
E4
E5
E6
TE1
TE2
TE3

δ18O
-2.88
-2.56
-3.14
-2.34
-2.49
-2.40
-2.69
-2.59
-2.76
-2.72
-2.35
-2.67
-2.38
-2.68
-2.48
-4.99
-4.10
-5.77
-4.36
-4.60
-4.65
-5.04
-4.73
-4.85
-4.25
-4.67
-4.36

δ13C
0.46
0.49
0.52
0.48
0.54
0.76
0.46
0.62
0.56
0.69
0.87
0.94
0.80
0.68
0.76
1.85
1.77
1.57
2.40
2.54
2.77
2.62
2.85
2.79
2.69
2.69
2.79

